Abstract To evaluate the contamination of organochlorine pesticides (OCPs) in marine organisms and their potential health risk on consumers in the northern Yellow Sea of China, mollusks, wild shrimps, and crabs were collected from the Yantai coast, and the OCP contents in the samples were analyzed and compared. The results indicate that all the samples have been contaminated by OCPs, and OCP concentrations varied in individual species and in sampling sites. Among the studied OCPs, ∑HCH and ∑DDT concentrations ranged from 0.91 to 13.92 ng g −1 and from 10.16 to 411.19 ng g −1 , respectively. Meretrix was highly enriched with HCHs, while the highest DDT concentration was found in Crassostrea. For the OCP isomers, β-HCH was the predominant isomer of HCHs, and p,p′-DDE concentration was much higher than other isomers of DDTs. The concentrations of other OCPs (HCB, t-CHL, endrin, and mirex) were relatively low. For the shrimp and crab samples, Alpheus distinguendus samples accumulated a higher level of HCHs but lower DDTs than Oratosquilla aratoria and Carcinoplax vestitus in all sampling areas. HCHs in the samples of contrast area were not significantly lower than that of the sewage outfall area and port area, whereas DDTs in the samples of contrast area were relatively lower than that of the other two areas. Generally, all the OCP contents in the samples are in the range of the edible hygienic criteria except the total concentration of DDTs in Crassostrea.
Introduction
Organochlorine pesticides (OCPs) are ubiquitous anthropogenic contaminants that are persistent in the environment, even though production and use of OCPs have been banned for some decades in many countries (Tanabe et al. 1994; Wong et al. 2005 ). Due to their lipophilic nature, hydrophobicity, and low chemical and biological degradation rates, their accumulation in biological tissues and subsequent magnification of concentration in organisms progressing up in the food chain induce multiple health hazards to humans and animals (Binelli and Provini 2003) . Highly toxic OCPs can cause acute poisoning including tremors, headache, dermal irritation, respiratory problems, dizziness, nausea, and seizures. Less toxic OCPs are associated with many chronic diseases, which include various types of cancer, neurological damage, Parkinson's disease, birth defects, respiratory illness, and abnormal immune system function (Chopra et al. 2011) . These chemicals also impose various adverse effects in marine organisms, and their introduction into marine ecosystems arise from direct discharge (point sources), discharge to municipal sewage systems or rivers and venting to the atmosphere (Iwata et al. 1993) . Marine organisms can accumulate contaminants from their environment and food chain; some of them can be used to indicate the pollutant levels (Zhang et al. 2009; SzlinderRichert et al. 2008; Leng et al. 2009 ). Therefore, it is important to evaluate OCP content and monitor their accumulation in the marine environment and organisms for seafood safety and the health of consumers.
Sishili Bay (SB) is an important shallow cultivation area in northern Yellow Sea, China, which is subject to the rapid industrialization, urbanization, and population development of the surrounded Yantai city. Persistent organic pollutants (POPs) that are released from the intensive agricultural and industrial activities have stressed the surrounding coastal ecosystems and have been regarded as one of the pollutant sources impacting the health of marine coastal environment and organisms (Fung et al. 2004; Liu et al. 2012) . Previous studies have showed that the increased POPs along the Yantai coast could cause potential risk for the seafood (Wan et al. 2005a; Liu et al. 2008; Leng et al. 2009 ). SB is an important aquaculture bay, which supports the seafood market in Yantai and adjacent cities. It is essential to evaluate the OCP content in the marine organisms along the Yantai coast for seafood safety. In this study, mollusks, wild shrimps, and crabs were collected from a local seafood market and from the field in the SB, respectively. The OCP concentration in wild and aquacultured organisms were analyzed and compared, aiming to monitor the seafood safety and assess the potential risk to human health.
Materials and methods

Sampling sites and sample collection
For comparison with the different marine environments, sampling areas were designed in the sewage outfall area, Yantai port area, and less human activity area as the contrast area (Fig. 1) . Two species of shrimps (Oratosquilla aratoria and Alpheus distinguendus) and one species of crab (Carcinoplax vestitus) samples were collected by net hauling from the three locations (A: sewage outfall area, B: port area, and C: contrast area). For comparison, seven kinds of mollusks (Mytilus edulis, Scapharca subcrenata, Crassostrea, Sol sricus, Saxidomus purpuratus, Meretrix meretrix, and Chiamys farrer) from the aquaculture in the bay were purchased from the local seafood markets of Yantai. These marine organisms are invertebrate species. Shrimps and crabs are omnivorous mainly eating zooplankton and benthic organisms, and mollusks feed mainly on zooplankton (Wan et al. 2005b) .
Each kind of marine organism contained at least 30 individuals. All samples were placed for approximately 24 h in filtered seawater. This allowed them to empty their gut, without eliminating hydrophobic contaminants. The samples were placed in polyethylene bags and frozen at −20°C until chemical analysis. Prior to extraction, shucked mollusk samples were homogenized and freeze-dried. Subsamples were dried to constant weight to determine the water contents and eventually were ground into fine powder. The shrimp and crab samples were homogenized with their whole bodies.
Chemical analysis
The pretreatment was conducted, according to the method by Tanabe et al. (2000) . Approximately 10 g of well-homogenized soft tissues were mixed with anhydrous Na 2 SO 4 , until the homogenate was freeflowing. The mixtures were extracted using 80-ml hexane-dichloromethane mixture (1:1v/v) with sonication method for 60 min and then stood overnight. p,p′-DDD, p,p'-DDE, dieldrin, endrin, oxy-chlordane, and heptachlor were added as surrogates prior to the extraction. The extract was concentrated on a rotary evaporator to about 1 ml. The concentrated extract was further purified by elution through a glass column (12 mm i.d.) filled with 2-g silica gel. The extract was eluted using 20 mL n-hexane and 20 mL 3:1 (v/v) n-hexane/dichloromethane. The two fractions were combined, and the volume of samples was adjusted to about 1 mL by a gentle stream of nitrogen gas.
The quantification of OCP was measured using an Agilent 890A gas chromatograph (GC) with a 63 Ni electron capture detector (micro-ECD) (Agilent, USA).
A HP-1 fused silica capillary column (60 m×0.25 mm i.d., 0.25-μm film thickness) was used for separation with high purity N 2 as the carrier gas and make-up gas at a flow rate of 1 and 49 mL min , and then hold for 5 min. The injector and detector were maintained at 250 and 280°C, respectively. GC peaks were identified with the accurate assignment of retention times of OCP standards (the National Research Center for Certified Reference Materials of China) and further confirmed by an Agilent 6890N GC-MS system. The residues of OCPs were quantitatively determined by the calibration curves of the standards using peak areas. The quantitative determinations were performed by internal standard procedure.
One procedural blank and one spiked blank consisting of all chemicals were run with every batch of ten samples to assess potential sample contamination. Results show that no target compounds were detected in laboratory blanks and three duplicate samples reported RSDs within 20 % for all the target chemicals. The average recoveries of surrogate standards varied from 95 to 110.4 %. Reported values were not corrected by surrogate recovery. The detection limit was 0.01 ng g −1 based on dry weight.
Results and discussion
HCH and DDT concentrations in mollusks
HCHs, DDTs, and their derivatives have been subjected to intensive study worldwide over the last 10 years. They are regarded as environmental hormones which can disturb the reproductive cycles of human and wildlife (Binelli and Provini 2003) . Descriptive statistics of HCH and DDT contents identified in mollusks collected from the local seafood market are listed in Table 1 , and the percentages of organochlorine isomers of HCHs and DDTs are shown in Fig. 2 . The concentration range of ∑HCHs was 0.91-13.92 ng g −1 , with a median value of 5.17 ng g −1 .
The total concentrations of HCHs in M. meretrix (Mer.) were the highest among all mollusks, followed by Crassostrea (Cra.), M. edulis (Myt.), S. sricus (Sol.), and C. farrer (Chi.). The concentrations of HCHs were below the detection limit value 100 ng g −1
. Among HCHs isomers, α-HCH, β-HCH, γ-HCH, and δ-HCH were detected in all mollusks, and β-HCH was the predominant isomer, varying from 0.60 to 5.42 ng g −1 . Fig. 1 The sampling sites in Yantai Sishili bay for collecting wild marine organisms: A sewage outfall area, B port area, C contrast area Typical commercial HCHs contain β-isomer of 5-14 % (Willett et al. 1998) , whereas β-HCH accounted for 38.9-85.2 % of the total HCHs in this study. The reasons for the high percentage of β-HCH are that β-HCH is slow in biological and chemical degradation, has lowest water solubility and vapor pressure, is most stable, resistant to microbial degradation, and accumulated in organisms at high concentration (Simonich and Hites 1995; Willett et al. 1998 ). In addition, α-HCH is transformed into β-HCH (Wu et al. 1997) ; this is consistent with the fact that β-HCH is detected as a predominant isomer in mussel, sediments, and human tissues (Smeds and Saukko 2001; Zhang et al. 2002; Rajendran et al. 2005; Jin et al. 2008) .
Contrasted with HCHs, mollusk tissues showed high levels of DDTs. ∑DDT concentrations ranged from 10.16 to 411.19 ng g The highest ∑DDT concentration was found in Cra., which was over two times higher than the edible hygienic criteria 200 ng g −1 d.w. Considerable residues of DDTs found in all mollusk samples may indicate the presence of significant current sources of DDTs in Sishili Bay. Among DDT isomers, p,p′-DDD, p,p′-DDT, and p,p′-DDE were the predominant isomers, accounting for 29.6, 26.0, and 24.2 % of the total DDTs, respectively. The average (DDD+DDE)/DDT ratio in bivalves was 1.9, showing that the composition of degradation products was higher than that of the mother compound. This means that technical DDTs used in the past are in the process of degradation in the environment. Although DDTs has been banned to use as agricultural chemicals in China since 1983, high concentration of DDTs has been observed in various environmental media, suggesting illegally continued usage of DDTs in China (Wong et al. 2005) . Several other studies have also reported high DDT residues in sediments or animal tissues and revealed new inputs of DDTs in China (Klumpp et al. 2002; Mai et al. 2002; Yang et al. 2004 ). In addition, the bivalves have different accumulating abilities for organochlorines. The bioaccumulation of HCHs and DDTs are species-specific due to their ecological characteristics such as feeding habits and habitat (Yang et al. 2006) ; hence, Cra. and Mer. may be regarded as a bioindicator of DDTs and HCHs for marine pollution monitoring, respectively. , respectively. In the same sampling site, it was found that A. distinguendus (Alp.) accumulated a higher level of ∑HCHs but lower ∑DDTs than C. vestitus (Car.) and O. aratoria (Ora.). In the shrimp and crab samples investigated, the total level of the HCH isomers was dominated by β-HCH (>70 %), except for samples of Alp. For the DDT isomers, p,p′-DDE concentration was much higher than those of other isomers. As far as the sampling locations are concerned, the concentration of ∑HCH in the samples collected from the contrast area (site C) was not significantly lower than that from the sewage outfall area (site A) and the port area (site B), whereas ∑DDT in the samples of the contrast area was relatively lower than that of the other two areas. The distribution suggests that the specimens collected from sites A and B are potentially enriched in higher DDTs relative to those from site C. This affirms that DDT contaminations in Sishili Bay were closely related to industrial and shipping activities. Other OCPs in mollusks
The concentrations of other organochlorine pesticides in mussels are summarized in Table 3 . Generally, OCPs were all detected in the analyzed samples, except aldrin. Dieldrin was detected just in Chi. These OCPs were found to be less abundant, either because of their higher water solubility and lower log K ow or the fact that their use in agriculture was decreasing (Binelli and Provini 2003) . The relatively high levels of these OCPs Ueno et al. 1999 1994 -1997 Southeast estuarine, China 240-310 0.70-5.4 Hong et al. 2000 1994 , 1997 , 1998 , 1999 , 2001 East coast, China 14.1-648 0.14-1. were detected in Chi., followed by Cra., Sol., and Mer., whereas the low concentration of t-OCP was found in S. purpuratus (Sax.). As far as these OCP kinds are concerned, six kinds of OCPs were not found in Mer., and the levels of t-CHL, endrin, and mirex in Mer. were lower than those in other mussels. Among these OCPs, HCB was predominant with the concentration range of 0.46-1.00 ng g −1 , followed by t-CHL. The concentration of HCB was higher than that reported by Tanabe et al. (2000) from the coastal waters of Thailand, Philippines, and India but comparable with the value (0.5-1.0 ng g −1 ) found by Solé et al. (2000) from the Ebro Delta bay (Spain). HCB is not directly used in agriculture, but it is a byproduct of some pesticide production and can be released into the environment by leachates or formed during the incineration processes (Binelli and Provini 2003) . The concentration range of t-CHL was 0.055-0.297 ng g −1
, which was lower than the concentration (0.17-9.91 ng g ) reported by Jin et al. (2008) in the northeastern coast of China. Some studies reported that t-CHL compounds were still used extensively in agriculture, gardens, buildings, etc. (Wong et al. 2005; Lammel et al. 2007 ); thus, it was not surprising to find higher CHL concentrations in the mollusk samples.
Comparison of HCH and DDT contents in Cra. with other reported data To assess the current situation of OCP contamination in marine organisms from the Yantai coastal area, we compared the published data for ∑HCH and ∑DDT residues in Cra. from various regions and times (Table 4 ). It was found that the DDT and HCH contents varied markedly. In general, their contents in the Cra. from the Yantai coastal area were not very high. In the case of DDT, the total concentration was 20.52-331.3 ng g −1 in this study.
The highest ∑DDT concentrations appeared in Hong Kong, followed by Vietnam and Northeast coast of China, which were, respectively, about 11.4, 6.4, and 4.9 times higher than our report. The level of total HCH concentration in Cra. collected from Yantai was lower than those collected from Qingdao, Weihai, and Tianjin as reported by Jin et al. (2008) , while it was higher than that reported by Ueno et al. (1999) , reflecting relatively higher levels of HCHs in these coastal area in Bohai Sea. The level of HCHs in Cra. in the present study is similar to those from developing countries such as Benya, Ningo, and Sakumo (Otchere 2005) .
Conclusions
Generally, the bivalve, shrimp, and crab samples collected from Sishili Bay have been contaminated by HCHs, DDTs, and other OCPs. The levels of OCPs in the mollusks purchased from the seafood market of Yantai varied greatly, depending on the OCP isomers and organism species, while the OCP contents in shrimp and crab samples collected from three areas varied in individual species and in sampling sites. The concentration level was not exceeding the edible criteria except the total concentration of DDTs in Cra. To some extent, probable health problems might be encountered in people consuming excessive shrimps, crabs, and mollusks, and more emphasis should be placed on continuous monitoring of these compounds.
